Immune dysregulation in patients with atopy has been hypothesized to increase susceptibility to viral infections. Herpetic eye disease (due to herpes simplex and herpes zoster) is a significant cause of visual impairment, and data on an association between this sight-threatening disease and atopy are limited.
H erpetic eye disease is a significant cause of sightthreatening infection worldwide. [1] [2] [3] Cell-mediated immunity, including the helper T cell, subtype 1 (T H 1) response, is crucial in combating herpes simplex virus (HSV) ocular disease and herpes zoster ophthalmicus (HZO). [4] [5] [6] [7] [8] Several studies [9] [10] [11] [12] have shown that atopic diseases, such as asthma, allergic rhinitis, and atopic dermatitis, heighten the T H 2 response and can weaken the T H 1 response through a complex interplay of regulatory cytokines.
Patients who develop eczema herpeticum or have bilateral HSV ocular disease frequently have a history of atopic disease. [12] [13] [14] [15] [16] In addition, patients with atopy may develop resistant infection or require longer and higher dosages of antiviral therapy to prevent recurrences. [16] [17] [18] [19] The largest population-based case-control study 20 published on this subject to date found an association between atopy and HSV ocular disease; however, an older study 21 did not. It is unknown if there is an association between HZO and atopy. The Pacific Ocular Inflammation project is an epidemiologic study of ocular inflammatory disease in the Hawaiian Islands. Kaiser Permanente Hawaii provides an ideal setting for this because it serves more than 15% of the general Hawaiian population and has a racially diverse membership that has not been studied extensively. The objective of this specific population-based case-control study was to assess whether there is an association between atopy and herpetic eye disease, including HSV ocular disease and HZO.
Methods
Institutional review board and ethics committee approval was obtained at the University of California, San Francisco, and Kaiser Permanente Hawaii. All work was Health Insurance Portability and Accountability Act compliant and adhered to the tenets of the Declaration of Helsinki. Informed consent was not obtained because this was a study using previously collected information for standard patient care. However, all members of the Kaiser system are informed that their deidentified data may be used for research purposes. As a result, waiver of informed consent was granted by the Kaiser Permanente Hawaii Institutional Review Board and the University of California, San Francisco, Ethics Committee.
Patient encounters in the Kaiser Permanente Hawaii electronic medical record between January 1, 2006, and December 31, 2007, were queried for International Classification of Diseases, Ninth Revision (ICD-9) diagnosis codes corresponding to herpes zoster or herpes simplex with ophthalmic complications ( Table 1 ). All diagnoses of HSV ocular disease and HZO were individually verified through electronic medical record review by a cornea and uveitis fellowship-trained ophthalmologist (N.R.A.). In addition, patients were classified as having blepharitis, conjunctivitis, dermatitis, keratitis, or uveitis based on clinical examination information. All patients with a confirmed diagnosis of HSV ocular disease or HZO who were 18 years or older as of the midpoint of the study period (January 1, 2007) were included in the study.
Two control groups were each randomly selected at a 4:1 ratio of controls to HSV ocular disease cases and to HZO cases. An ophthalmology clinic control group was selected from the population of Kaiser Permanente Hawaii patients who were 18 years or older as of January 1, 2007 , and had at least 1 visit to the Kaiser ophthalmology clinic during the study period. An age-and sex-matched control group was selected from the general Kaiser Permanente Hawaii population having at least 1 physician visit during the study period. Age was matched within 5 years.
A diagnosis of atopic disease was determined based on an ICD-9 diagnosis code related to atopy before or during the study period (Table 1) . Patients with atopic disease were classified as having asthma, atopic dermatitis, or allergic rhinitis based on specific ICD-9 diagnosis codes. Additional demographic data were collected electronically for cases and controls. Smoking status for cases and controls was determined based on electronic data obtained at physician office visits. A patient's smoking status closest to the midpoint of the study period was used for cases and controls.
Demographic data were compared between cases and controls using Fisher exact test and t test for categorical and continuous variables, respectively. The association between atopy and herpetic eye disease was assessed using a logistic regression with herpetic eye disease (herpes simplex or herpes zoster) as the outcome. A conditional logistic regression was used when comparing cases with the age-and sex-matched controls. Age and sex were included as covariates for analyses using the ophthalmology clinic controls. Additional analyses were performed to assess the effect of race and smoking status on the association. P < .05 was considered statistically significant. All analyses were performed using statistical software (STATA 11.0; StataCorp LP). Figure. For the ophthalmology clinic controls, 456 patients and 548 patients were randomly selected for comparison with the patients having HSV ocular disease and the patients having HZO, respectively. When selecting the age-and sex-matched controls, there were 4 patients with HSV ocular disease and 7 patients with HZO for whom only 3 controls could be matched. As a result, 452 patients and 541 patients comprised the HSV ocular disease and HZO age-and sex-matched controls, respectively. Demographic data, atopic disease, and smoking status were compared between patients with HSV ocular disease and both control groups ( Table 2) . Using the ophthalmology clinic controls, patients who had atopic dermatitis had a 3.9-fold (95% CI, 1.8-8.5; P = .001) higher odds of having HSV ocular disease compared with patients who did not have atopic dermatitis (Table 3) . Similarly, patients who had asthma had a 1.8-fold (95% CI, 1.1-3.1; P = .03) higher odds of having HSV ocular disease compared with patients who did not have asthma. This association was strengthened for both conditions using the age-and sex-matched controls. Furthermore, patients who had a diagnosis of any atopic disease had a 2.6-fold (95% CI, 1.6-4.2; P < .001) higher odds of having HSV ocular disease compared with patients who did not have atopic disease. An association was also found between allergic rhinitis and HSV ocular disease (odds ratio, 2.2; 95% CI, 1.1-4.6; P = .04) using this control group. If allergic rhinitis was omitted as an atopic diagnosis to allow for comparison with a prior case-control study 20 investigating the association between atopy and HSV ocular disease, patients who had atopic disease had a 3.5-fold (95% CI, 2.1-5.8; P < .001) increased odds of having HSV ocular disease compared with patients who did not have atopic disease using the age-and sex-matched controls. Similarly, HZO cases were compared with both control groups ( Table 4) . Using the age-and sex-matched controls, patients who had any type of atopic disease had a 1.8-fold (95% CI, 1.2-2.8; P = .01) higher odds of having HZO compared with patients who had no atopic disease ( Table 5) . A significant association was also found specifically in patients with asthma for this control group. Patients who had asthma had a 1.9-fold (95% CI, 1.1-3.2; P = .02) higher odds of having HZO compared with patients who did not have asthma. Controlling for race or smoking status did not affect the results for HSV ocular disease or HZO.
For HSV ocular disease and HZO, having 2 or more atopic conditions had an even stronger association with herpetic eye disease compared with having fewer than 2 atopic conditions. Specifically, patients who had 2 or more atopic conditions had a 2.9-fold (95% CI, 1.4-6.1; P = .01) higher odds of having HSV ocular disease and a 1.7-fold (95% CI, 0.7-4.2; P = .25) higher odds of having HZO compared with patients who had fewer than 2 atopic conditions using the ophthalmology clinic controls and adjusting for age and sex. Using the age-and sexmatched controls, patients who had multiple atopic diseases had an 8.9-fold (95% CI, 3.5-22.6; P < .001) higher odds of having HSV ocular disease and a 2.9-fold (95% CI, 1.1-7.7; P = .04) higher odds of having HZO compared with patients who had one or no atopic disease.
Discussion
Before this study, evidence suggested that patients with atopy are more likely to develop eczema herpeticum, have bilateral HSV ocular disease, and require antiviral therapy for longer durations.
12-18 A previous study 20 showed an association between atopy and HSV ocular disease. Similarly, this study found that patients with atopic disease were more than twice as likely to have HSV ocular disease. An association between atopic disease and HZO has not been previously described to our knowledge. We found that patients with atopy were almost twice as likely to have HZO. Furthermore, having more than 1 atopic condition increased the odds of having herpetic eye disease for HSV ocular disease and for HZO.
Like an earlier population-based case-control study 20 researching this question, we observed an association between HSV ocular disease and atopic disease. In our study, we found a 2.6-fold increased odds of having HSV ocular disease for patients with atopy using the age-and sex-matched controls. This is similar to the 1.9-fold higher odds of having HSV ocular disease for patients with atopy that was found in the earlier study. We also included patients with allergic rhinitis in our analyses, while the prior study did not because it may be a nonspecific diagnosis. In a sensitivity analysis, we excluded allergic rhinitis as an atopic condition, and our association became even stronger. temic literature have noted that patients with atopic dermatitis may have a predisposition to more severe HSV infection. There may be some explanation for this specific association at the cellular level. For example, it is well known that mutations in several genes associated with skin barrier dysfunction are found in patients with atopic dermatitis. 24,25 As a result, colonization of several pathogens, including HSV, is facilitated in these patients.
26
While an association between HSV ocular disease and atopy has been described, information on HZO and atopy is lacking. In this study, we found that patients who had atopic disease had an almost 2.0-fold increased odds of having HZO compared with patients who did not have atopic disease using ageand sex-matched controls. A prior study 27 has shown a protective effect of primary varicella zoster virus infection on the subsequent development and severity of atopic dermatitis in children. Further study is needed to determine if children with primary varicella zoster virus infection who eventually manifest atopic conditions are more likely to develop herpes zoster compared with those who do not manifest atopic conditions. In addition, patients who had asthma had an almost 2.0-fold increased odds of having HZO compared with patients who did not have asthma in our study. It is possible that the association between asthma and HZO could in part be due to the immunosuppressant medications that are used to treat asthma, such as corticosteroids. However, a prior study 28 has
shown no association between inhaled corticosteroid use, one of the most common immunosuppressant treatments for asthma, and the development of herpes zoster. The association between atopy and both HSV ocular disease and HZO can potentially be explained by the immune system dysregulation observed in patients with atopy. Specifically, these patients have been shown to have a predominance of T H 2 cells, leading to increased levels of interleukin 4 and IgE. 29 These immune system modulators can prevent differentiation of T H 1 cells that stimulate production of key cytokines, including interferon-γ, for combating viral infections.
30,31
In this study, we found that having more than 1 atopic condition significantly increased the odds of having herpetic eye disease. Prior studies 32-34 have shown a positive association between severity of atopic conditions and serum IgE levels. Therefore, it is possible that multiple atopic conditions could correlate with increased immune dysregulation, explaining the stronger association with HSV ocular disease and HZO that we found in patients with at least 2 atopic conditions. More significant associations were found between atopy and both HSV ocular disease and HZO using the age-and sexmatched control group. This may in part be explained by differences between the 2 control groups. Patients in the ophthalmology clinic control group may have been more likely to have diseases diagnosed because of increased interaction with physicians for existing comorbidities, such as diabetes mellitus. In contrast, the age-and sex-matched controls needed only one physician visit during the study period to be included. A similar difference in results using a clinic-based control group and a population-based control group was noted in the prior study 20 that investigated the association between atopy and HSV ocular disease. There are some limitations of the study. Demographic differences may affect the applicability of our results to the Hawaiian population. Based on the most recent census data, the age and sex distribution of Kaiser Permanente Hawaii is comparable to that of the general Hawaiian population; however, Kaiser Permanente Hawaii has a larger percentage of Pacific Islanders.
35 Similarly, differences in demographic factors, such as racial distribution, may affect the generalizability of this study to other populations outside of Hawaii. However, an association between HSV ocular disease and atopy has been found in a different population, 20 suggesting that the findings in our study may not be unique to the present study population. It is also possible that certain cases or controls may have been diagnosed as having an atopic condition by a physician outside of the Kaiser system, but only approximately 5% of the Kaiser Permanente Hawaii membership has dual insurance that would facilitate receiving health care outside of the Kaiser system. In addition, there are some diagnostic considerations. While misdiagnosis of herpetic eye disease is possible, all patients were seen by a Kaiser Permanente Hawaii ophthalmologist, and cases of herpetic eye disease were individually verified through medical record review by a uveitis and cornea fellowship-trained ophthalmologist (N.R.A.), decreasing the likelihood of misdiagnosis. A diagnosis of atopic disease was determined based on ICD-9 diagnosis codes alone. Although this could potentially lead to misdiagnosis, the same method was used to determine an atopic diagnosis for both cases and controls. The temporal association of atopic disease and a herpetic eye disease diagnosis should also be considered. It is possible that some patients were diagnosed as having atopic disease after their initial diagnosis of herpetic eye disease. However, this would be unlikely because atopic diseases are generally more chronic and diagnosed at a young age. The mean age of the patients with herpetic eye disease in this study is older than 50 years for HSV ocular disease and for HZO, and more than 80% of these patients were incident cases. Theoretically, it is possible that ophthalmologists were diagnosing patients having HSV ocular disease with atopic conditions because of their knowledge of an association that was published during the study period. 20 However, our medical record review demonstrated that this was not the case. In addition, no association was known between HZO and atopy before the present study, so it would be unlikely for a diagnostic bias to exist.
In conclusion, we found an almost 2.0-fold increased odds of having HZO and a more than 2.0-fold increased odds of having HSV ocular disease for patients who had atopic disease compared with patients who had no atopic disease. Specific diagnoses, such as atopic dermatitis, as well as the presence of more than 1 atopic condition increased the odds of having herpetic eye disease. While an association between atopy and HSV ocular disease has been shown in a prior study, 20 no association between atopy and HZO has been described. The results of this
